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TECHNICAL NOTE NO. 1^35 


STRESSES IN AND GENERAL INSIABmTY OF MONOCOQUE CYLINDERS WITH CUTOUTS 
V - CALCULATION 0? THE STRESSES IN CYLINDERS 
WITH SIDE CUTOUT , - ‘ 

By N. J. Hoff and Bertram Klein 


SUMMARY 


Stresses were calculated "by a numerical method in three reinforced 
monocoque cylinders subjected to pure "bending. The cylinders were of 
circular cross section and were reinforced with 8 rings and either 8 or 
1 6 stringers. There was a cutout on one side of each cylinder located 
symmetrically to the neutral plane and extending over 45°, 90 °, or 135 °* 
Satisfactory agreement was found "between stresses calculated and those 
measured in part IV" in the present series of investigations. 


INTRODUCTION 


In analytical investigations the reinforced monocoque c y li n der Is 
almost invariahly assumed to he of constant section and reinforced with 
evenly spaced stringers and rings of constant cross-sectional properties. 
In reality, actual airplane structures often have openings for doors, 
windows, and so forth, and are reinforced locally near points of appli- 
cation of concentrated loads. It Is believed that the stress problem 
of such nonuniform struct tires Is "best approached "by numerical methods. 

In a series of investigations carried out at the Polytechnic 
Ins titute of Brooklyn Aeronautical Laboratories an effort was made to 
apply Southwell*s relaxation method (reference l) to the calculation 
of the stresses in reinforced monocoque structures. Procedures were 
developed for reinforced flat and curved sheets (references 2 and 3) 
as well as for fuselage frames (references L and 3 ) . Finally, numerical 
methods were used to determine the stresses in a reinforced monocoque 
cylinder having a symmetric cutout on the compression side (reference 6). 
The results obtained were in satisfactory agreement with experiments 
carried out earlier, which are described in reference J. The present 
report deals with the problem of the stress distribution in a reinforced 
monocoque cylinder having a side cutout and subjected to pure bending. 
The results of the calculations are compared with the experiments 
described in reference 8. 
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In the first step of the procedure the structure is divided into 
elements, and the elastic properties of the elements are determined. - 
In the present problem a sheet panel with its "bordering segments of 
stringers and rings was chosen as the element of the reinforced mono— 
coque cylinder. When the loads are applied to the cylinder, the corners 
of the panels undergo, in general, displacements in arbitrary directions. 
For the purposes of this calculation the displacements are resolved into 
axial (in the direction of the axis of the cylinder), tangential (in the 
direction of the tangent to the ring), and radial components (in the 
direction of the radius of the ring) . At the same time , the corners 
are, in general, rotated about axes of arbitrary direction, and this 
rotation is resolved into rotations about the axial, tangential, and 
radial directions. 

In the so-called unit problem it is assured that the four corners 
of the panel are rigidly clamped to some imaginary rigid body to prevent 
both displacement and rotation. Then the clamps are released at one 
corner to permit displacement or rotation in one direction only, and a 
displacement (or rotation) of unit magnitude is undertaken in that 
particular direction. Next the reaction forces and moments caused by 
the displacement (or rotation) undertaken are calculated for all the 
four corners . 

After all the unit problems of the structure are solved, the results 
Eire combined in what are termed the "operations tables." These tables are 
a systematic presentation of the reactions at all the comer points corre- 
sponding to unit displacements of the comer points. It 1 b then required 
to find a combination of all the displacement (and rotation) components 
corresponding to zero resultant force and moment at each comer point at 
which no external load Is applied and to force and moment resultants 
equal and opposite to the loads at the points of application of the 
external loads. According to Southwell's suggestion, this combination 
of displacements is found by systematic step— by— step approximations. 

At the Polytechnic Institute of Brooklyn Aeronautical Laboratories such 
solutions by step-by-step approximations have been established for 
reinforced panel problems (references 2 and 3 ), but when the same 
approach was tried for the case of monocoque cylinders having symmetric 
out-cubs and subjected to pure bending, the number of steps needed 
became almost prohibitive. On the other hand, the solution by matrix 
msthods of the system of linear equations represented by the operations 
tables together with the applied loads was possible with a reasonable 
expenditure of work. 

In the present report, the displacements are calculated from the 
operations tables by means of a slightly modified version of Crout's 
method of solving matrix equations. (See reference 9») The number of 
unknowns is 34, 36 , and 30 in the case of the cylinders having 45°, $ 0 ° , 
and 135 ° cutouts, respectively. The numerical parb of the work was 
carried out on semiautomatic electric calculating machines, and 10 digits 
were kept throughout the calculations. As an approximate rule, it may 
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"be stated that matrices of the kind encountered in this work can "be 
solved by an experienced calculator at the rate of 2 . hours for each 
unknown quantity. This estimate does not allow for mistakes. 

Once the displacements are known, the stresses can be easily calcu- 
lated with the aid of the solutions of the unit problems and elementary 
considerations. Complete numerical calculations were carried out for 
three cylinders of the experimental series described in reference 8. 
Satisfactory agreement was found between theory and experiment, as may 
be seen from the comparison shown in the figures of the present report. 

The authors acknowledge their indebtedness to Mr. Bruno A. Boley for 
his help in the theoretical aspects of the problem and to Mr. John G-. Pulos 
who took part in the calculations. The work was carried out under the 
sponsorship and with the financial assistance of the National Advisory 
Committee for Aeronautics. 


SYMBOIS 


a 

A ■ 


A,B,C,A , ,3 , ,C* 

E 

Gr 

L 

M 

n 

rm 

N 

Q 

r 

r-\ 

m, rr 
E 


t 

tt, tr, tn 


distance between adjacent rings 

cross-sectional area of stringer augmented by its 
effective width of curved sheet 

rings of cylinder or quadrants of operations table 

Young* s modulus 

shear modulus 

length of ring segment between adjacent strings rs 

externally applied bending moment acting on cylinder 

ring influence coefficient 

bending moment acting in plane of ring 

torque acting on rigid end ring 

radius of monocoque cylinder 

ring influence coefficients 

radial shear force .acting in plane of ring 

thickness of sheet covering 

ring influence coefficients 
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T 

u 

v 

V 

X 

Y 

«bj On 

r = Gt/2 
n 

9 

I 

OJ 

n = Gta/4L 


tangential force acting in. plane of ring 
tangential displacement 
radial displacement 
rotation 

force acting in axial direction 

vertical shear force acting on rigid ring 

coefficients used in calculation of forces and moments 
caused by shear flow existing in panel 

vertical downward translation of rigid ring 
rotation of rigid ring in its own plane 
axial displacement 

rotation of rigid ring about its horizontal diameter 


STATEMENT OF PROBLEM AND ASSUMPTIONS 


The three cylinders for which calculations were carried out are 
shown in figure 1. They are Cylinders 35* 39* and 40 of the present 
series and are described in reference 8. A number of structural changes 
were assumed for the purpose of calculations in order to decrease the 
work required for the solution of the problem. 

Figure 2 shows the three cylinders in their- modified forms. In 
reality. Cylinder 35 had 1 6 stringers, 7 of which were omitted in the 
simplified setup. The cross— sectional areas of the stringers eliminated, 
however, were distributed evenly between the adjacent stringers that 
were left in the structure. Similarly, two rings were omitted from the 
complete portions of the cylinder and the cross section of one was added 
to the adjacent ring bordering the cutout and the other to the rigid 
end ring of the cylinder. At the same time the length of the field 
extending from the cutout to the end ring was assumed to be 9 .6429 inches. 
This field length is 1^- times the actual ring spacing and thus it is an 

intermediate value between the true distance from cutout to end ring 
and the actual ring spacing. It was not- considered advisable to use a 
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field length, of three times the ring spacing in the calculations "because 
long fields are weal: in shear. 

Cylinders 39 and 40 were "built with only eight stringers. Conse- 
quently) changes in the structural arrangement were assumed only in connec- 
tion with the rings. The changes were of the same nature as in the case of 
Cylinder 35* 

As in previous work, the "bending and torsional rigidities of the 
stringers were disregarded. The rings were considered resistant to 
"bending in their own plane hut weak in "bending out of their plane as 
well as in torsion. The extensions! and shearing rigidities of the rings 
were considered. The sheet panels were assumed to resist shear only, and 
the shear stresses were assumed to he distributed uniformly. The resist- 
ance of the sheet to extension and compression wan taken approximately 
into account hy adding an effective width of sheet to the stringers. In 
the present calculations the total width of the sheet was considered 
effective, since the stresses were calculated for small loadB when the 
sheet is in a nohbuckled state. An effective width of sheet equal to 
the width of the ring was added to the ring when its cross-sectional 
properties were calculated. Because of these assumptions only the three 
displacement components as well as the rotation component about an axis ■ 
parallel to the axis of the cylinder need he taken into consideration. 
Rotations about the tangential and, radial axes are not resisted hy either 
the stringer or the ring. 

The vertical, plane of a transverse section through the middle of 
the cylinder was regarded as a fixed reference plane relative to which 
the rigid end rings are tilted — and even twisted because of the 
asymmetric cutout — when the pure bending moments are applied to the 
end rings. The operations tables were set up for only one— quarter of 
the cylinder because the displacements in the four quarters are related 
by symmetry. 


SETTING- UP AND SOLVING- THE OPERATIONS TABLES 


A schematic arrangement showing the four quadrants of the operations 
tables for all three cylinders is given in table 1. As a rule, each 
entry in the operations tables (see, for instance, quadrant A, table 2) 
represents the magnitude and the sign of the generalized force, indicated 
at the left end of the row in which it appears, caused by the generalized unit 
displacement ind icated at the top of the column. A generalized displace- 
ment is a displacement of the structure at a point in one of the directions 
of the axes, a rotation about one of these axes, or any combination of 
displacements and rotations of the structure at a group of points. A 
generalized force corresponding to a generalized displacement is the 
quantity — force, moment, or group of forces and moments — that gives 
the work done during the generalized displacement when multiplied by the 
generalized displacement . As was mentioned under STATEMENT OF PROBLEM 
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AND ASSUMPTIONS, the structure is considered to be rigidly clamped as 
regards every other generalized displacement when the effect of any one 
generalized unit displacement is sought. 

The generalized forces in a reinforced monocoque cylinder caused 
by generalized unit displacements can be calculated when the solution 
of the so-called four-panel problem is known. The solution was given 
in reference 6. It is given in a slightly more convenient form in 
figures 3 to 6 of the present paper. These figures show the forces and 
moments at each of the nine corner points that are caused by generalized 
unit displacements of the middle point. The expressions are given in a 
form suitable for calculations even when each stringer and ring segment 
has a different but constant section and each panel a different but 
constant thickness. When a panel is in a buckled state, a reduced value 
should be used for its effective shear modulus . When a panel is 

absent, its shear modulus, or thickness, should be put equal to zero. 

The values of the shear flow— force coefficients otj.., a^,, and as 

well as those of the influence coefficients tt, £r, tn, rr, . . ., 
must be obtained from reference 5- 

Figures 7 to 10 give the solution of the four-panel problem for 
the case in which the curvature is opposite to that shown in the 
preceding four figures. The calculations with which this report deals 
indicated the desirability of two such setB of diagrams in order to 
reduce the likelihood of numerical errors said errors of sign in the 
operations tables. 

Because of the symmetry of both the structure and the loading with 
respect to the plane of a transverse section through the middle of the 
cylinder, displacements of corresponding points must be the same on 
rings A and A*, B and B*, and C and C*. (See fig. 2.) More- 
over, the loading is antisymmetric with respect to the horizontal plane 
containing the axis of the cylinder. Hence, displacements of corre- 
sponding points on stringers 1 and 1*, 2 and. 2*, and so forth, must be 
antisymmetric. Their absolute magnitudes are equal and their signs can 
be determined from the following rules, which take care of the peculiari- 
ties of the sign conventions adopted: axial and radial displacements 

are of opposite sign, tangential displacements and rotations are of the 
same sign on the upper and lower halves of the cylinder. These symmetry 
considerations permit a reduction in the number of displacement quanti- 
ties to be entered in the operations tables. Of the total of 
4 x 48 = 192 possible generalized basic displacements in the case of 
Cylinder 39# a total of 108 could be omitted outright; 36 more dis- 
placements were considered only indirectly, as is shown by means of 
the following two typical examples. 

When point B4 — the point of intersection of ring B with stringer 4- — 
is moved in the positive axial direction, point B4* must be moved the 
same distance in the negative axial direction because of the antisymmetry. 
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This combination of displacements causes twice as much shear strain in 
the panel bounded by rings A and B and stringers 4 and h-* as would be 
caused by bhe displacement of point B4 alone . Consequently, "the forces 
and moments appearing because of the shear at points A4 and B4 will be 
doubled. 

When point Bh- is moved in the positive tangential direction, point B4' 
also must be moved the same distance in the tangential direction. Conse- 
quently, the shear strain in the panel bounded by rings A and B and 
stringers 4 and 4* is again subjected to the double amount of shear 
strain just as in the case discussed previously. Moreover, segment 4-1)- * 
of ring B is rotated but not shortened, whereas in the case of a tan- 
gential motion of point B4- alone a shortening also would tale place. 
Consequently, 48 independent displacement quantities remain to be entered 
in the operations tables. This number is further reduced because of the 
end conditions. In the experiment the end rings were heavy and were 
rigidly attached to heavy end plates. For this reason, in the theory 
the end rings were assumed perfectly rigid and points on the end rings 
were permitted to participate only in rigid body displacements. Thus 
4 x 4 = 16 further individual generalized displacements are eliminated; 
and three rigid-body displacements are introduced — namely, a rotation as 
about the horizontal diameter, a rotation 0 about the axis of the cylinder, 
and a vertical translation t) of the end ring, fence 35 unknown quanti- 
ties remain. 

When the pure bending moment is applied to the rigid end plate, the 
distribution of the forces to the stringers is not known. Obviously, it 
cannot be assumed according to the customary linear law because of the 
cutout in the structure. For this reason a rotation a> of the end ring 
was specified rather than a bending moment, and the corresponding bending 
moment was calculated only after the forces in the stringers were determined 
from the operations table, fence, the forces and moments corresponding 
in the operations tables to the specified rigid body displacement o> were 
known quantities and had to be considered as the load terms in the equa- 
tions. They are given in the last column of quadrants B and D of table 2. 

It will be noted that the last two rows in the operations tables are 
denoted (l/2)Y (one-half the vertical shear force acting upon the end ring) 
and (l/2)(Q/r) (one -half the torque acting upon the end ring divided by 
the radius) . This choice of the quantities to be entered in the last 
two rows results in a symnetric operations table. 

The linear equations represented by the operations 'tables were then 
solved by a slightly modified version of Crout’s method. In other words, 
the set of 34 displacement quantities causing forces and moments at all 
the points equal and opposite to those given in the last column of the 
operations tables (which are due to the specified rotation oo) was 
determined. These forces and moments listed in the last column are 
designated EHS to indicate right-hand— side members. It should be noted 
that two of the displacement quantities listed are the remaining two 
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(unknown) rigid body displacement a Q and q of the end ring. The 
generalized force corresponding to 9 is a torque, that corresponding 
to T), a vertical shear force. Obviously, these two generalized 
displacements must be so chosen as to yield zero generalized forces when 
the external load applied to the cylinder is a pure bending moment. 

These two requirements are represented by the’ last two rows of the opera- 
tions tables. 

Similar considerations can be advanced in the case of the other two 
cylinders. The operations table of Cylinder 40 having the 135° cutout 
differs from table 2 only in quadrant D. This quadrant is given in table 3. 
In the case of Cylinder 35 all four quadrants are different. They are 
shown in table 4. In quadrant A of table 4 the columns of the tangential 
displacement and the rotation of point B1 correspond to two units each 
rather than to one. The doubling of these movements was undertaken in 
order to maintain the symmetry of the operations tables in spite of the 
assumptions regarding the simultaneous movements of points on the two 
sides of the horizontal plane of symmetry of the cylinder. 


APPROXIMATE THEORY 


Because of the great amount of work required for the solution of 
stress problems by the numerical method discussed, the possibility of 
using an approximate theory was investigated. The approximation amounted 
to neglecting all influences except that of the axial displacements. 
Physically the structure corresponding to the approximate theory would 
have rigid rings. Moreover, these rings would have to be supported in 
their own plane to provide reactions,, since the shear forces and the 
torque acting upon the rings are not canceled in the approximate calcula- 
tions. 

The operations tables of the approximate theory are identical with 
those portions of the operations tables (tables 2 to 4) that involve 
only axial forces and displacements. 


PRESENTATION AND DISCUSSION OF RESUITS 


The displacements calculated for a rotation co of the end ring 
amounting to 1 X 10~ ^ radian are presented in tables 5 bo 7- The dis- 
tortions of the rings corresponding to an applied bending moment 
of 20,000 inch— pounds are shown in figures 11 to 14. 

The axial strains calculated from the displacements are plotted 
in figures 15 to 20, which also contain experimental results taken 
from reference 8 as well as calculated values corresponding to the 
approximate theory. The agreement between theory and experiment is 
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satisfactory. The approximate. theory is also in reasonable agreement vith 
experiment in the complete portions of the cylinders. In the cutout 
portions the values calculated hy the approximate theory are even slightly 
closer to the experimental points than the values obtained from the complete 
theory. The displacements calculated by the approximate theory are listed 
in table 8 . 

Figures 21 and 22 show the shear stresses in the sheet of the complete 
portions of the cylinders and the maximum bending stresses in the rings 
bordering the cutout . The absolute values of these stresses are very 
small - Moreover, they decrease in an oscillatory manner from the region 
of the neutral axis of the cylinder on the cutout side toward the neutral- 
axis location on the opposite side. 

The bending moment required to cause a rotation of 1 X 10~ ^ radian 
of the rigid end ring with respect to the transverse plane of symmetry 
is 5075.45, 7845.90, and 4511.04 inch-pounds in the case of the 

cylinders having 45°, 9 O 0 , and 135° cutouts, respectively. It Bhould 
be renumbered that the construction of the cylinder with the 9 O 0 cutout 
was different from that of the other two. 


CONCLUSIONS 


During the course of the calculation of the stresses in three rein- 
forced monocoque cylinders with side cutout, carried out by means of 
a numerical procedure developed in part IV in the present series of 
investigations, the following principal observations were made: 

1. The problem can be stated mathematically by means of a set of 
simultaneous linear equations represented by the operations tables and 
the exter nal loads. The operations tables can be set up without diffi- 
culty if use is made of the solid; ions of the four-panel problem con- 
tained in the present report, together with the coefficients presented 
in the tables and graphs given in NA.CA TN No. .999* 

2. The equations can be solved by Crout*s method at the. rate of 
approximately 2 hours for each unknown quantity. This estimate does 
not allow for errors. 

3 . The calculated values of the normal strain in the stringers 
were in satisfactory agreement with the strains measured in the 
experiments of part IV of the present series of investigations. 

4. The shear stress in the sheet and the bending stress in the 
rings were found to be very small. 
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5 . Aa approximate method which considers only the axial displace- 
ments and thus does not satisfy all the equilibrium conditions gave 
results reasonably close to those obtained by the complete method. 


Polytechnic Institute of Brooklyn 
Brooklyn N. Y. , July 3 , 19 ^ 
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TABLE 1 - SCHEMATIC ARRANGEMENT SHOWING THE FOUR 
QUADRANTS OF THE OPERATIONS TABLES FOR ALL 

THREE CYLINDERS 


A 

B 

C 

D 
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TABLE 2 - OPERATIONS TABLE FOR CYLINDER 39 WITH 45° CUTOUT. 
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TABLE 5 .— DEFLECTIONS AND ROTATIONS FOR 

CHJUBHR WITH 45° COTOOT 

[m = 5075*^5 in.— IB; tj = 0.934679; 
dr = - 0 . 18295 ^; unit for values 
is 1 X 10“ 5 in. or radian] 




Ring A 

Ring B 

Ring C 

Stringer 1* 

t 

-O.382683 

-0.211436 



XL 

.680577 

.OOO999 

45 0 cutout 


V 

.357683 

.000110 


V 

-.018295 

-.013137 


Stringer 1 

1 

.382683 

.211436 

0.070479 


u 

.680577 

.OOO999 

-.145643 


V 

-.357683 

-.000110 

-. 050187 


w 

-.018295 

-.013137 

-.012965 

Stringer 2 

1 

.923880 

.462027 

.154009 


u 

.174729 

-.086238 

-.176519 


V 

-.863531 

-.232744 

-.024713 


V 

-.018295 

-.028647 

-.OI33OI 

Stringer 3 

£ 

.923880 

.461874 

.153958 


u 

-.5^0637 

-.269938 

-.183646 


V 

-.863531 

-.185258 

.002972 


V 

-.018295 

-.010892 

-.OI6637 

Stringer 4 

i 

.382683 

. 19139k 

.063798 


u 

-1.046485 

-. 376640 

-.179948 


V 

-.357683 

-.086306 

.003054 


V 

-.018295 

-.020508 

-.018817 

Stringer 4* 

i 

-. 382683 

-.19139^ 

-.063798 


XL 

-1.046485 

-. 376640 

-.179948 


V 

.357683 

.086306 

-.003054 


V 

-.018295 

-.020508 

-.018817 
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TABLE 6.- DEFLECTIONS AND ROTATIONS FOR 
CYLINDER WITH 9O 0 CUTOUT 


[m * 7St5.90 in.— Lb} ii ■ 0.877023; 
Sr » 0.128525? unit for values 
is 1 X 10“ 3 in. or radian] 




Ring A 

Ring B 

Ring C 

Stringer 2* 






i 

-O.7O7IO7 

-0.443778 



u 

.7I867I4- 

-316729 



V 

.620149 

-.139502 



V 

.012853 

-.081652 


Stringer 1 




90° cutout 


1 

0 

0 



u 

1.005548 

.133452 



V 

0 

0 



V 

.012853 

.123108 


Stringer 2 






1 

.707107 

.443778 

0.147921 


u 

.748674 

.316729 

.396281 


V 

-.620149 

.139502 

-.614729 


V 

.012853 

-.081652 

.095219 

Stringer 3 






1 

.923880 

.462609 

.154210 


u 

.464147 

.275678 

.203256 


V 

-.810264 

-.327575 

-.356365 


V 

.012853 

-.055475 

.093722 

Stringer If 






5 

.923880 

. 461645 

.153875 


u 

-.207097 

. 03459^ 

.128796 


T 

-.810264 

-.088412 

.092635 


V 

.012853 

.057352 

.032331 

Stringer 5 






i 

.382683 

.191577 

.063867 


u 

-.681739 

-.003785 

.189788 


V 

-.335622 

-.088206 

.020932 


V 

.012853 

.000093 

.006447 

Stringer 5' 






1 

-.382683 

-.191577 

-. 063867 


u 

-.681439 

-.003785 

' .189788 


T 

.335622 

.088206 

-.020932 


V 

.012853 

.000093 

.00644-7 
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TABLE 7.- DEFIECTIONS AHD ROTATIONS FOR 
C7T.IWEER WITH 135° CUTOUT 


[M * 4511.04 in.— lbj tj - 0.780683} 
6r = — 0.02370} unit for values 
is 1 X io~3 In, or radian] 




Ring A 

Ring B 

Ring 0 

Stringer 2* 

£ 

-O.92388O 

-0.511401 



u 

.275052 

.142873 

• 


V 

.721257 

.276732 



yr 

-.002370 

-.093973 


Stringer 1* 

£ 

-.382683 

-.381188 



u 

V 

.697557 

.298752 

-.095065 

-.652765 

135° cutout 


V 

-.002370 

.045670 


Stringer 1 

£ 

.382683 

.381188 



u 

.697557 

-.O95O65 



V 

-.298752 

.652765 



V 

-.002370 

.045670 


Stringer 2 

£ 

.923880 

.511401 

0.170466 


u 

.275052 

.142873 

.057603 


V 

-.721257 

-.276732 

-.099144 


V 

-.002370 

-.093973 

.025017 

Stringer 3 

£ 

.923880 

.461519 

.153841 


u 

-.322452 

-.O75OU 

.043337 


V 

-.721257 

-.035912 

.061874 


V 

-.002370 

.054762 

.022328 

Stringer 4 

£ 

.382683 

.191637 

.063876 


u 

-. 744957 

-.067597 

.120387 


T 

-.298752 

-.049547 

.088380 


V 

-.002370 

-.015939 

-.003614 

Stringer 4* 

£ 

-. 382683 

-.191637 

-.063876 


u 

-.744957 

-.067597 

.120387 


V 

.298752 

.049547 

-.088380 


•w 

-.002370 

-.015939 

-.003614 

Stringer 3* 
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TABLE 8 .- AXIAL DEFLECTIONS FCER APPROXIMATE SOLUTIONS 
[unit for values is 1 x 10 “ 3 iruj 


Angle of 

cutout 

Stringsr 

Ring A 

Ring B 

Ring C 

Average 
moment 
(in. —lb) 


1 

O.382683 

0.206436 

O.O71479 



2 

.923880 

.432027 

.0142009 


45° 

3 

.923880 

.431874 

.140958 



1+ 

.382683 

.179394 

.058798 


M(in.-lb) 

5392 

4788 

4696 

4959 


1 

0 

0 

0 



2 

.7O7IOT 

.426278 

.143121 



3 

.923880 

.450609 

.149910 


90° 

4 

.923880 

.443144 

.146275 



5 

.382683 

.183577 

.O6O567 


M(iru— lb) 

8155 

7586 

7533 

7758 


1 

.382683 

.341188 

— 


o 

2 

.923880 

.484401 

.160466 


135 

3 

.923880 

.433019 

.142341 



4 

.382683 

.179637 

.059176 


M(in.-lb) 

4875 

4272 

4206 

4451 
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CYL. 

NO. 35 
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SECTION A- A 
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1 6.43" 


r*i 



3 *" 


r=i 


RING SECTION 


SECTION A- A 
PIBAL CYL. NO. 40 
8 STRINGERS 
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STRINGER SECTION 

24S-T aluminum alloy 

A..J U i THICKNES 

24S-T Alclad sheet 
Center line of strain gages 


THICKNESS = 0.012" 


Figure 1.- Actual monocoque cylinders. (Described in reference 8.) 
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Figure 7.- Effect of unit axial displacement of F. Forces and . 

Qt Qta purees ana moments acting 
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Figure 11 . - Deflected shape of full rings in their own planes. 
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90° CUTOUT 


Figure 12.- Deflected shape of full ring in its own plane. 
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Figure 16.- Comparison of variation. of normal strain. Full section, 16 stringers, 90° cutout, 

M - 20,000 iiL-lb. 
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Figure 18.- Comparison, of variation, of normal strain. Cutout section, 8 stringers, 46° cutout, M= 20,000 inrib. 
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Figure 20.- Comparison of variation of normal strain. Cutout section, 8 stringers, 
135° cutout, M = 20,000 inrib. 
















